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Current Status

Shutdown delay. EM1 Launch still official 2021.

Publications (Source): Online Presentations, Short
papers from 2015 at LPSC, LEAG, CDW, and
Interplanetary SmallSat Conference. Papers, Clark e
al, 2016, 2018, 2019, 2020, SPIE Optics; 2018 Smal
Satellite Conference.

Performing I&T for Lunar Ice Cube subsystems as
delivered to Morehead. BIRCHES was to be
undergoing optical, digital, and radiometric calibratior
In simulated environment from April to July 2020, but
COVID delayed for reopen August 2020. Calibrations
October.

FlatSatwith emulators testing all subsystems
End to End tests schedule for ral

Ready for Data System testing for Level O data
production this fall. Level 1 data analysis software
under development.
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ABSTRACT

‘Within the next three years, at least 15 deep space cubesat 'prototypes’ will have been launched, testing the viability
of cubesat paradigm in deep space. Three of the EM1-deployed cubesat missions, the first de facto deep space
cubesat 'cluster’, will be science requirements driven lunar orbiters with remote sensing instruments for hunar
surface/subsurface volatile characterization. These include: Lunar Ice Cube (1-4 micron broadband IR spectrometer
and microcryocooler. volatile distribution as a function of time of day). Lunar Flashlight. (active source laser and
NIR detector, polar surface ice), and LunaH-Map (neutron spectrometer, polar ice to 1 meter).

INTRODUCTION

Unlike their earth-orbiting predecessors, deep space
cubesats are required to have the full functionality. and
active control systems, of any spacecraft operating in
deep space. 15 6U cubesats with diverse payloads
entering deep space over the next two years have been
(MarCO) or are being built (EM1 13), effectively
‘prototypes’ for deep space cubesats. Three of them,
Lunar Ice Cube, Lunar Flashlight, and LunaH Map, are
science requirements-driven lunar orbiters with the goal
of increasing our knowledge of lunar volatiles, acting as
the first de facto deep space cubesat cluster.

MarCO AS PATHFINDER

The very first deep space cubesats fo be deployed in
«deep space were the MarCO duo Wall-E and Eva. They
were launched as secondaries with NASA's InSight, a
Mars Lander designed to study the Martian interior, and
deployed from InSight after insertion info a Mars flyby
trajectory. They are technology demonstrations,
designed to test the dual band communication system
which includes a UHF system for ‘local' real-time
communication and tracking of InSight during Entry,
Descent, and Landing (EDL) as well as a compact X-
band communication system for relaying that
information to Earth MarCO will demonstrate two
technologies key to fumre deep space cubesats,
including most of those being deployed form EMI1
both a deployable high gain X-band anfenna and a
compact X-band software defined tadio (IRIS). Wall-E
has already used a compact wide-field camera to take a
picture of the Earth-Moon system from space. Despite
a small leak in one of the propulsion systems, JPL
engineers are optimistic that one or both cubesats will

be able to follow, receive and transmit signals from
InSight dusing its EDL.

CURRENT CONTEXT

Figure L. Water and Hydroxyl on the Moon
indicated by blue, deep orange, deep green. Credit:
ISRO/NASA/JPL Chandrayaan-1 Mission.

New discoveries as well as trends over the last decade
have caused increasing interest in the Moon.

Findings from several lunar missions nearly a decade
ago played a major role in modifying our understanding
of the role and potential availability of resources on the
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